Abstract. The existence of an outer ring in the Galaxy can explain the kinematics of OB associations in the Perseus and Sagittarius stellar-gas complexes. Moreover, it can also explain the orientation of the Carina arm with respect to the major axis of the bar. We show in this paper that the morphological and kinematical features of the sample of classical Cepheids are consistent with the presence of an R 1 R ′ 2 ring in the Galaxy.
INTRODUCTION
Classical Cepheids -F-K type supergiants with ages ranging from 20 to 200 Myr (Efremov 2003) -are good tracers of the Galactic spiral structure and regions of high gas density. The period-luminosity relation obeyed by these variables allows their individual distances to be determined with an accuracy of ∼ 10 percent (Berdnikov, Dambis & Vozyakova 2000) .
Studies of the Galactic spiral structure have typically suggested a four-armed spiral pattern with a pitch angle of nearly 12
• (Georgelin & Georgelin 1976; Russeil 2003; Vallée 2008; and others) . In our previous papers (Mel 'nik & Rautiainen 2009 'nik & Rautiainen , 2011 Rautiainen & Mel'nik 2010) we developed an alternative concept based on the model of a two-component outer ring R 1 R ′ 2 . The model of the Galaxy with a two-component outer ring R 1 R ′ 2 reproduces quite well the kinematics of OB-associations in the Sagittarius and Perseus stellargas complexes. The observed velocities of OB-associations agree best with model velocities if the position angle of the Sun with respect to the major axis of the bar is set equal to θ b = 45±5
• (Mel'nik & Rautiainen 2009; Rautiainen & Mel'nik 2010) . Our outer-ring model can also reproduce some of the column-density maxima in the so-called tangent directions (Vallée 2008) which, in this case, can be associated with the tangents to the outer and inner rings (Mel'nik & Rautiainen 2011 , 2013 ).
An elliptic outer ring can be subdivided into the ascending and descending seg-ments: in ascending segments, Galactocentric distance R decreases with increasing azimuthal angle θ, whereas the dependence is reversed in the descending segments. Ascending and descending segments of the rings can be regarded as fragments of trailing and leading spiral arms, respectively. The essential feature of galaxies with outer rings and pseudorings -incomplete rings made up of spiral arms -is the presence of a bar (Buta 1995; Buta & Combes 1996; Buta & Crocker 1991) . Two main classes of outer rings and pseudorings have been identified: R 1 rings (R ′ 1 pseudorings) elongated perpendicular to the bar and R 2 rings (R ′ 2 pseudorings) elongated parallel to the bar. Of the two outer rings, R 1 is located a bit closer to the galactic centre than R 2 . In addition, there is a combined morphological type R 1 R ′ 2 , which exhibits features of both classes (Buta 1995) . Modelling shows that outer rings are usually located near the Outer Lindblad Resonance (OLR) of the bar (Schwarz 1981; Byrd et al. 1994; Rautiainen & Salo 1999 .
The existence of a bar in the Galaxy is confirmed by numerous infrared observations (Benjamin et al. 2005; Cabrera-Lavers et al. 2007; Churchwell et al. 2009; González-Fernández et al. 2012) , which suggest that the major axis of the bar is oriented in the direction θ b = 40-45
• so that the end of the bar closest to the Sun lies in quadrant I.
We used the simulation code developed by H. Salo (Salo 1991; Salo & Laurikainen 2000) to construct two different types of models (models with analytical bars and N -body simulations), which reproduce the kinematics of OB-associations in the Perseus and Sagittarius regions. 4 model particles (gas+OB) are considered at time ∼1 Gyr. We scaled and turned this model with respect to the Sun to achieve the best agreement between the velocities of model particles and those of OB-associations in five stellar-gas complexes.
We use the catalogue of classical Cepheids by Berdnikov et al. (2000) , which is continuously improved and updated. The last version of the catalogue includes the data for 674 Cepheids. The line-of-sight velocities (the so-called γ-velocities) of Cepheids are adopted from mostly three sources: Metzger, Caldwell & Schechter (1998) , Gorynya et al. (2002) , and Pont et al. (1997) . The proper motions for Cepheids are adopted from the Hipparcos catalog (ESA 1997) . See the full paper by Mel'nik et al. (2015) for details.
We show in this paper that model of the Galaxy with an R 1 R ′ 2 ring can also explain many morphological and kinematical features in the distribution of Galactic classical Cepheids.
RESULTS
The distribution of Cepheids in the Galactic plane reveals the regions of high gas density, which may be associated with spiral arms or Galactic rings. • . The top panel shows the view of the whole Galaxy. The big solar symbol indicates the position of the Sun. The bottom panel shows model particles and Cepheids inside the 7 × 7 kpc 2 square centered on the Sun. The X-axis points in the direction of Galactic rotation and the Y -axis points away from the Galactic center. One tick interval along the X-and Y -axis corresponds to 1 kpc. The ellipses indicate the positions of the Sagittarius, Carina, and Perseus stellar-gas complexes. We see a fork-like structure in the distribution of Cepheids: those on the left (l > 180
• ) strongly concentrate to a single arm (the Carina arm), while on the right (l < 180
• ) we see two arm-fragments located near the Perseus and Sagittarius complexes.
there is only one spiral arm (the Carina arm) outlined by high concentration of Cepheids, while at longitudes l < 180 • (quadrants I and II) there are two regions with high surface density located near the Perseus and Sagittarius complexes.
The position of two outer rings can be approximated by two ellipses oriented perpendicular to each other. The ring R 1 is stretched perpendicular to the bar and the ring R 2 is aligned with the bar, hence the position of the Sun and that of the sample of Cepheids with respect to the rings is determined by the position angle θ b of the Sun with respect to the major axis of the bar. Let us assume that Cepheids concentrate at the outer rings. Then we can find the optimal angle θ b providing the best agreement between the position of the rings and the distribution of Cepheids.
We consider the dependence of χ 2 on angle θ b for several distance-limited samples including stars located within r max = 2.5, 3.0, and 3.5 kpc from the Sun. Unfortunately, the location of the minimum of the χ 2 function appears to be sensitive to the radius r max : the χ 2 functions reach their minima at θ b = 50 ± 5 • , 37 ± 5
• , and 25 ± 5 • for the three samples. With this systematic shift and random errors taken into account the final estimate is θ b = 37 ± 13
• . We also study the residual velocities, which characterize non-circular motions in the Galactic disk. Residual velocities are calculated as differences between the observed heliocentric velocities and the computed velocities due to the circular rotation law derived for classical Cepheids.
We focus now our attention on the ring R 2 , whose particles should have radial velocities V R directed toward the Galactic Center (V R < 0) within 3 kpc of the solar neighborhood. Figure 2 (a) shows the distributions of Cepheids and model particles in the Galactic plane for objects with V R < 0. The fraction of these stars among all Cepheids with known line-of-sight velocities and proper motions is 55% in the region considered. Within 3.0 kpc from the Sun the elliptic ring R 2 can be represented as a spiral-arm fragment. Its pitch angle appears to be i = 8.3 ± 3.9
• and i = 6.0 ± 0.5
• for Cepheids and for model particles, respectively. The positive value of the pitch angle i is indicative of a leading spiral arm and corresponds to the Sun's location near the descending segment of the outer ring R 2 . Given that the ring R 2 is aligned with the bar, the Sun's location near the descending segment of the outer ring R 2 reflects the well-known fact that the bar's end closest to the Sun lies in quadrant I.
Figure 2 (b) shows the dependence of azimuthal velocity V T on coordinate x (which increases in the direction of Galactic rotation) for Cepheids and model particles with negative radial velocities (V R < 0). Only Cepheids with small errors (ε V l < 10 km s −1 ) of the tangential velocity in the Galactic plane, V l , are considered. Velocities V T of both Cepheids and model particles can be seen to decrease with increasing x.
CONCLUSIONS
We study the distribution and kinematics of classical Cepheids from the catalog by Berdnikov et al. (2000) , located within ∼ 3 kpc from the Sun, in terms of the model of the Galactic ring Rautiainen 2009 ). The distribution of Cepheids in the Galactic plane agrees best with that of model particles if the position angle of the bar is set equal to θ b = 37 ± 13
• . We found that Cepheids with negative radial residual velocities V R directed toward the Galactic center, which within ∼ 3 kpc of the Sun must belong to the outer ring R 2 , fall nicely along a fragment of a leading spiral. A similar leading fragment was earlier found in the distribution of OB-associations with negative radial residual velocities (Mel'nik 2005) . Cepheids with V R < 0 also exhibit variations of the azimuthal residual velocity V T in the direction of Galactic rotation. These kinematical features are consistent with the Sun's location near the descending segment of the ring R 2 .
We also analyze the variations of the surface density and extinction toward Cepheids as a function of heliocentric distance r in different directions. The surface density n(r) of Cepheids appears to drop sharply toward the Galactic center (|l| < 45
• ), with extinction A V growing most rapidly in this direction. These features can be due to the presence of an R 1 ring located in the direction of the Galactic center at a distance of 1-2 kpc from the Sun.
All this morphological and kinematical evidence suggests the existence of a ring R 1 R ′ 2 in the Galaxy. For more details, see the full paper by Mel'nik et al. (2015) .
